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doi:10.1016/j.pedneo.2010.12.007Background: In this study, we investigated the risk factors for in-hospital mortality of children
beyond infancy with and without underlying diseases.
Methods: We performed a retrospective review of all deceased patients aged 1e18 years at
Chang-Gung Memorial Hospital-Kaohsiung from 2000 to 2009. The patients were divided into
two groups; those with and without underlying diseases. Demographic data, clinical character-
istics, and initial laboratory data were analyzed to correlate the risk factors for mortality of
pediatric patients with and without underlying diseases.
Results: A total of 131 deceased children were found from 2000 to 2009. Forty children were
previously healthy (without underlying diseases), whereas 91 had previous underlying diseases.
Children with cardiovascular or central nervous system (CNS) infections had a significantly
greater risk of mortality than did those without underlying diseases (pZ 0.004 and
pZ 0.0004, respectively). More cardiovascular and fewer hematologic abnormalities at admis-
sion were found in patients without underlying diseases. In multiple logistic regression, it was
found that cardiovascular (pZ 0.006) or CNS infections (pZ 0.012), consciousness change at
admission (pZ 0.013), and higher liver enzyme levels were most significantly associated with
deceased children without underlying diseases.
Conclusion: Results from this study suggest that mortality in pediatric patients without under-
lying diseases is most frequently found in younger children with CNS and cardiovascular infec-
tions, consciousness change, and high liver enzyme levels at admission. Results from thisof Medical Research, Chang Gung Memorial Hospital at Kaohsiung, 12F12L, 123 Ta-Pei Road, Niau-song,
h.org.tw (K.D. Yang).
an Pediatric Association. Published by Elsevier Taiwan LLC. All rights reserved.
Risk factors for mortality of pediatric patients 35Table 1 Patient characteristics
with mortality
Characteristics Without
underlying
diseases, n (%)
Age
1e12 yr 38 (95.0)
>12 yr 2 (5.0)
Male gender 19 (47.5)
Consciousness
change
21 (53.9)
Respiratory
failure
17 (42.5)
Shock 19 (47.5)
No. of organ
failures
2.2 2.1
* Continuous data were analyzed u
data were analyzed using c2 test.analysis will provide information for the awareness of fatal outcomes in previously healthy
children.
Copyright ª 2011, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Reductions in infant and child mortality represent the major
accomplishments of pediatricians. Researchers and clini-
cians are continually striving to reduce childhood morbidity
and mortality. The impact of sociodemographic status on
pediatric mortality has been surveyed.1 One powerful
correlate of ill health in childhood is family income.
Mortality rates of poor children in the United States defined
as annual family income less than US $10,000 are much
higher than the rates for nonpoor children.1 Morbidity in the
first year of life among infants has also been explored.2 A
primary threat to infant health is low birth weight. Many
potentially amenable risk factors have been associated with
low birth weight, including low socioeconomic status,
maternal cigarette smoking, maternal drug use, maternal
age, maternal nutrition, and environmental hazards. Severe
sepsis is a major cause of child mortality and morbidity. A
previous study of critically ill children with severe sepsis
reported that mortality was associated with illness severity,
comorbid illness, and multiple organ dysfunction.3
Scoring systems are useful for making triage decisions
and assessing the performance of an intensive care unit,
but they are of limited use in predicting prognosis for
pediatric patients without underlying diseases. The pedi-
atric risk of mortality score has demonstrated a significant
association between mortality and the number of mal-
functioning organ systems at 12 and 24 hours after hospital
admission.4
Outcome of a patient is determined not only by
a severity of illness index but also by the patient’s under-
lying status.5 Research focused on underlying diseases hason admission associated
With underlying
diseases, n (%)
p*
62 (68.1) 0.0009
29 (31.9)
41 (45.1) 0.796
26 (28.6) 0.006
24 (26.4) 0.067
22 (24.2) 0.008
1.7 2.1 0.268
sing t test and categoricalbeen performed.6,7 Feudtner et al8 analyzed deaths
attributable to pediatric complex chronic conditions by
cause and age. Although the association between child
mortality and underlying diseases is well established, no
published information exists about potential variation that
might occur in the outcomes of pediatric patients with and
without underlying diseases.3 Therefore, our goal was to
evaluate the risk factors for mortality among pediatric
patients who were previously healthy.
2. Methods
During a 10-year period between 2000 and 2009, we
retrospectively reviewed all deceased patients aged 1e18
years who had been admitted to a tertiary hospital located
in southern Taiwan. The study protocol was approved by
the hospital’s ethics committee. Demographic data, clinical
characteristics, and initial laboratory data were collected
for correlation with mortality. The collected patient char-
acteristics other than organ dysfunction were age, gender,
and underlying illness. Underlying diseases included a broad
array of cardiac, malignancy, neuromuscular, respiratory,
renal, gastrointestinal, immunodeficiency, metabolic,
genetic, and other congenital anomalies. At admission, the
following aspects were considered: type of organ dysfunc-
tion, change in consciousness, respiratory failure, shock,
and number of organ failures. Patients younger than 1 year
or older than 18 years were excluded.
Results are expressed as mean standard deviation. The
patients were divided into two groups for analysis: those
with and those without underlying illness. A univariate
analysis was initially performed. Continuous data were
analyzed using t test, and categorical data were analyzed
using c2 analysis. Risk factors for death were identified
with a multivariate model. Factors that were deemed
of potential importance from the univariate analysisTable 2 Primary source of infection versus fatality
Infection source Without
underlying
diseases, n (%)
With underlying
diseases, n (%)
p*
CNS 11 (27.5) 5 (5.5) 0.0004
Cardiovascular 8 (20.0) 4 (4.4) 0.004
Blood stream 4 (10.0) 24 (26.4) 0.035
Respiratory 9 (22.5) 21 (23.1) 0.942
Gastrointestinal 3 (7.5) 5 (5.5) 0.659
Genitourinary 1 (2.5) 9 (9.9) 0.142
Skin, bone,
soft tissue
1 (2.5) 1 (1.1) 0.547
* By c2 test.
CNSZ central nervous system.
Table 3 Organ dysfunction type versus fatality
Organ type Without
underlying
diseases, n (%)
With underlying
diseases, n (%)
p*
Cardiovascular 17 (42.5) 21 (23.1) 0.024
Hematologic 11 (27.5) 45 (49.5) 0.019
Respiratory 17 (42.5) 35 (38.5) 0.663
Neurologic 22 (55.0) 39 (42.9) 0.199
Hepatic 13 (32.5) 27 (29.7) 0.746
Renal 5 (12.5) 15 (16.5) 0.559
* By c2 test.
36 L.-S. Chang et al(p< 0.05) were included in the multivariate analysis.
Stepwise logistic regression was used for the multivariate
analysis of these factors. A p value< 0.05 was considered
significant. All statistical tests were performed using SPSS
statistical software, version 13.0 for Windows XP (SPSS Inc.,
Chicago, IL, USA).
3. Results
Over the 10 years of the study, 131 deceased patients were
identified. This included 71 girls and 60 boys; no gender
difference in mortality was observed. The age of the
patients ranged from 1 to 18 years, with a mean of 7.16
years. Underlying illness was present in 69% of all cases. The
most common underlying diseases were malignancy
(nZ 39), followed by neuromuscular (nZ 18), congenital or
metabolic (nZ 12), gastrointestinal (nZ 8), cardiovascular
(nZ 7), rheumatologic (nZ 4), hematologic (nZ 2), and
renal diseases (nZ 1). Through univariate analysis, weTable 4 Laboratory data of patients with and without underlyi
Laboratory data Without underlying d
Leukocytes (cells/mm3) 12,625 8922
Duration of granulocytopenia (d) 0.43 1.48
Segments (%) 61.3 24.7
Lymphocytes (%) 27.02 21.0
Monocytes (%) 5.59 4.73
Eosinophils (%) 0.5 0.98
Basophils (%) 0.14 0.37
Bands (%) 2.65 6.56
Blasts (%) 0 0
Hb (g/dL) 11.8 1.8
Plt (103 cells/mm3) 248 132
CRP (mg/L) 58.9 94
AST (U/L) 734 1964
ALT (U/L) 349.5 670.2
BUN (mg/dL) 18.5 17.55
Creatinine (mg/dL) 0.95 0.91
Glucose score, %
<200 (mg/dL) 66.7
>200 (mg/dL) 33.3
Data are presented as mean standard deviation.
ALTZ alanine transaminase; ASTZ aspartate transaminase; BUNZ b
PltZ platelet.identified several admission characteristics highly associ-
ated with deceased children who had no underlying diseases
(Table 1). The comparison of global clinical evaluation
conditions at admission showed that deceased patients
without underlying disease were more likely to have
changes in consciousness (pZ 0.006) and shock (pZ 0.008)
at admission. Children with underlying illnesses were
significantly older than those without underlying illness
(pZ 0.0009).
The admission characteristics seen more frequently
among children without underlying diseases were central
nervous system (CNS) (pZ 0.0004) and cardiovascular
(pZ 0.004) infections compared with those with underlying
diseases (Table 2). Positive blood culture was significantly
more common in patients with underlying diseases than in
patients without underlying diseases (26.4% vs. 10%,
pZ 0.035).
Cardiovascular organ dysfunction was highly associated
with children who had no underlying illness (pZ 0.024)
(Table 3). There was a tendency for patients with under-
lying diseases to have higher hematologic dysfunction
(49.5% vs. 27.5%, pZ 0.019).
Several variables of laboratory data were significantly
different between children with and without underlying
illness (Table 4). Compared with patients with underlying
medical diseases, healthy patients had higher levels of
alanine transaminase (349.5 vs. 76.7 U/L, pZ 0.030). The
patients with underlying diseases had significantly lower
hemoglobin levels (10.0 vs. 11.8 g/dL, p< 0.0001). We
found that glucose scores were higher in children without
underlying illness (pZ 0.028).
In the multivariate analysis, risk factors independently
associated with fatal outcomes in patients without under-
lying diseases included consciousness change (pZ 0.013),ng diseases
iseases With underlying diseases p
16,674 22,564 0.276
7.37 18.32 0.0006
56.3 29.2 0.623
24.26 21.5 0.498
6.45 5.78 0.414
0.61 1.33 0.638
0.24 0.49 0.234
1.14 3.14 0.172
9.27 25.14 0.0008
10.0 3.2 <0.0001
439 2117 0.569
71.69 101 0.505
176 350 0.086
76.7 148.6 0.030
22.85 25.23 0.328
1.03 1.33 0.758
84.6 0.028
15.4
lood urea nitrogen; CRPZ C-reactive protein; HbZ hemoglobulin;
Table 5 Risk factors for mortality of pediatric patients
without underlying diseases determined by multiple logistic
regression with stepwise selection option
Odds
ratio
95% Confidence
interval
Multivariate
p
Consciousness change 4.82 1.39e16.72 0.013
Primary source
of infection
CNS 6.88 1.54e30.75 0.012
Cardiovascular 16.44 2.22e121.95 0.006
Hb 1.47 1.15e1.89 0.002
ALT 1.00 1.001e1.007 0.018
ALTZ alanine transaminase; CNSZ central nervous system;
HbZ hemoglobulin.
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infections, and higher liver enzyme levels at admission
(Table 5).
4. Discussion
A previous study highlighted the significant association
between the mortality and the presence of underlying
illness and multiple organ dysfunction for children hospi-
talized with severe sepsis.3 There is little information about
mortality of nonsurvivors without underlying diseases.
Therefore, to better direct this area of investigation, we
set out to determine the risk factors for deaths in pediatric
patients who were previously healthy.
The study was a retrospective review of the patient
medical charts in a single pediatric tertiary institution;
therefore, the findings may not apply to other hospitals. We
do not purport to offer an exhaustive analysis of child
health and risk factors here. What we present is a guide for
further research on the many complex issues that deter-
mine child health. Multiple characteristics may cause wide
differences in mortality across patients. Additional study of
differences among deceased patients according to the type
of diseases involved might help to elucidate whether these
or other factors are germane to the critically ill pediatric
population.
An article by Fraser et al describes the Pediatric Early
Warning System score.9 Clinical deterioration in patients
with evolving critical illness is detectable well before
immediate resuscitation is initiated.10 Several pediatric
early warning systems have been derived using combina-
tions of physiological parameters in children.11 The rapid
physiological decline experienced by children makes it
remarkable that these services are not routinely available.
It is not always possible to predict which individual childrenare at risk of death. Therefore, continuous care is needed
for early detection of children with incipient disease or
those who become subject to conditions that predispose
them to mortality.
Knowledge of risk factors is important for planning
strategies to reduce mortality of children without under-
lying illness. Before the previously healthy child with CNS or
cardiovascular system infection is in mental status alter-
ation, suitable treatment may reduce the chance of
mortality. Early recognition of these factors can potentially
improve the survival of children without underlying
diseases.
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